The Drosophila obscura species group was known in the Afrotropical region from a single species, D. microlabis. This species was recently rediscovered in Kenya in addition to the discovery of three new obscura group species: D. kirumensis, D. cariouae and D. krimbasi. The patterns of allozyme variation in two African species, D. microlabis and D. kitumensis is compared to that of nine species of the obscura group. Genetic distances have been estimated from allelic frequencies at 35 loci and phylogenies inferred by methods assuming both constant as well as variable evolutionary rates. D. microlabis and D. kitumensis are evolutionary related and close to the Palearctic D. tristis and D. ambigua even if relatively distant. The data support Lakovaara and Saura's hypothesis recognising three species subgroups within the obscura group. In addition, we propose a fourth one for the new African species, the microlabis species subgroup.
INTRODUCTION
The Drosophila obscura species group is widely distributed in the Palearctic and Nearctic regions.
In the Afrotropical region it was known from a single species, D. microlabis Seguy, described in 1938 (Seguy, 1938 ) from a single male collected from Kenya (Marakwet, on the Elgeyo Escarpment) by the Omo expedition (Arambourg et al., 1935) . More recently, Tsacas (1974) confirmed that this species was a member of the obscura group and assigned it to the obscura species subgroup. The Museum of Paris specimen remained, for half a century, the sole indication of the presence of the obscura species group in the Afrotropical cariouae Tsacas. All of these species have been recently described (Tsacas et al., 1985) . Thus, there are at least four species of the obscura species group in Kenya, and we suspect that many more may occur in the East African highlands. All these species were collected at high altitudes, above 2000 meters. Neotropical species of the obscura species group (affinis subgroup), D. azteca and D. tolteca as well as the Neotropical populations of D.
pseudoobscura (Throckmorton, 1975) are also found only at high altitudes. Thus, there is strong presumption that the obscura species group, which is basically Holarctic in its distribution (Wheeler, 1981) , has extended its geographic range over both the Afrotropical and Neotropical regions but only in the temperate climatic conditions of mountains.
With the new African species the obscura species group now includes 35 species. Although this is one of the most extensively species groups of Drosophila that have been studied (see, BuzzatiTraverso and Scossiroli, 1955; Lakovaara and Saura, 1982 for a review) many questions remain concerning the relationships between the species. The division of the group into two species subgroups is itself still questionable. On the basis of morphological and allozymic characters, the obscura group has long been subdivided into two species subgroups: the affinis subgroup, with nine exclusively Nearctic species, and the widespread Palearctic species D. helvetica-the obscura subgroup, which includes 14 Palearctic species and seven Nearctic species. Several of the Palearctic species are widespread, D. subobscura, D. obscura, D. ambigua and D. bfasciata, which probably is the most widely distributed species within the group. Lakovaara and Saura (1982) have argued that the division of the obscura group into two subgroups is not a "natural one" and suggested dividing the obscura species subgroup into two lineages: the pseudoobscura species subgroup and the obscura species subgroup to include the Nearctic and Palearctic species, respectively.
In the present work, we have the compared patterns of allozyme variation in two African species, D. microlabis and D. kitumensis, with that of nine species of the obscura group (sensu law). Genetic distances have been estimated on the basis of allelic frequencies at 35 loci, and phylogenies have been inferred by methods assuming both constant as well as variable evolutionary rates. The data support Lakovaara and Saura's hypothesis. In addition we propose a fourth species subgroup for the new African species, the microlabis species subgroup.
MATERIAL AND METHODS
The pseudoobscura, D. persimilis (Carson, 1951) , D. ambigua (Prevosti, 1959) , D. obscura (Gordon, 1942) and D. subobscura (Carson et al. 1985 Figure 1 Localities of the four African species of the Drosophila obscura species group in the highland forests on the eastern and western flanks of the Kenya (Gregory) Rift Valley (Altitudinal zonation of Mt Elgon and Mt Kenya after data in Schnell, 1977; Hamilton and Perrot, 1981 ; Geological map summarising the volcanic history of the Kenya Rift after King and Chapman, 1972) . (Lankinen and Pinsker, 1977) another when only the most frequent allele was considered, Dm, and two others) as well as two kinds of another distance, D2 (depending on whether data of the most common allele or all alleles were used in each locus), all described in Krimbas and Sourdis (1987) .
Four different methods for constructing trees were used: UPGMA (Sneath and Sokal, 1973) , Farris (1972) , Fitch and Margoliash (1967) and a modified version of Farris' method (Tateno et a!., 1982) . The three last methods were further modified by us in such a way that trees with negative distances were rejected .
Concordance of reconstructed trees with the original data could eventually indicate fidelity to the "real" phylogeny. The measure used was the sum of the squares of the differences in distances between the reconstructed and the original (experimental) distances. These distances have been normalised in every matrix to one in order to get comparable data.
RESULTS
The most common allozymes of the 35 putative loci screened in the 19 populations and species studied are presented in table 1. Variation is great between species and none of the 35 loci is strictly monomorphic. Polymorphic loci are those already known to be polymorphic in the Drosophila obscura group. The total number of alleles detected is 180, some of these are rare and only detected in recently collected natural populations. The Amy locus appears to be highly variable, with 14 allozymes identified.
From the electrophoretic data, it follows that the two African species, D. microlabis and D.
kitumensis are both clearly distinguished from the other species of the obscura group by different alleles fixed at three loci, Pgm, Gdh and Amy. In addition they only share rare alleles with one or two species at three more loci, Mdh, Pgi and Est6. between either local or geographically distant populations of these species. This is in good agreement with previous studies (Lakovaara and Saura, 1971; Lakovaara et al., 1976; Loukas et al., 1979; Pinsker and Buruga, 1982 Different trees can be constructed using either, or both, different measurements of genetic distance represents the data, although the "best fit" may not necessarily be the best hypothesis of evolutionary relationships. Therefore we have used several other criteria based on extraneous information concerning group taxonomy to judge tree reliability; these were, whether or not different populations of the same species clustered, the relative positions of D. madeirensis and D. guanche close to D. subobscura (Krimbas and Loukas, 1984) and the relative closeness of D. tristis and D. ambigua (Lakovaara et aL, 1972; Lakovaara and Keränen, 1980) . Independently of branch lengths, the alternative topologies depicted in fig. 2 It is worth emphasising that the five best trees all position the African species close to one another and quite close to the European species-pair, D. tristis-D. ambigua, and also to some extent to the American D. pseudoobscura.
The unrooted tree obtained from D2 polymorphic distance and the modified Farris clustering has the best fit ( fig. 3) . A phylogenetic interpretation of this unrooted tree is reasonably consistent with the biochemical and chromosomal affinities previously inferred regarding the position of the Palearctic species of the obscura group (see Lakovaara and Saura, 1982 , for a review). D. subobscura is close to its two endemic relatives D. guanche and D. madeirensis although the relative position of the these species differs from that found by Cabrera et al. (1983) and Loukas et a!. (1984) . This could result from the use of different sets of foci, or the use here of a better method for tree construction, but may also be indicative of ambiguity regarding their relative genetic diver- (Koske, 1953; Buzzati-Traverso and Scossiroli, 1955) while the European species generally produce no interspecific hybrids when crossed to one another (except D. subobscura x D. madeirensis and D. madeirensis x D. guanche, .
DISCUSSION
The discovery in the Kenya highlands of a complex of Drosophila species belonging to the obscura group allows new insight into the evolutionary history of this group. Of the four African obscura relatives two were found on the Eastern slope of Mt Elgon to the West of the Kenya Rift Valley and the others two on the western slope of Mt Kenya to the east of the Rift. The four species were found at similar altitudes, between 2200 and 2500 metres and the question arises whether or not these two species pairs have resulted from a vicariant event,
due to the aridification of the Rift as a climatic barrier. The Kenya (Gregory) Rift Valley is a sector of the Rift system of eastern Africa which has been marked by continuous volcanic activity throughout its history from Miocene times to the present day.
The largest of the central volcanoes are on the flanks of the Rift, but whereas those to the west (e.g., Mt Elgon) are Miocene in age, those to the east (e.g., Mt Kenya) are mainly Pleistocene to Recent (King and Chapman, 1972 (Tsacas et aL, 1985) . Electrophoretic evidence clearly shows strong heterogeneity within what is generally admitted as the obscura subgroup. Therefore, we concur with Lakovaara and Saura (1982) in recognising three species-subgroups instead of two, in the obscura group and further propose to introduce a fourth subgroup to include the African species, the microlabis species subgroup ( fig. 5) .
In summary, the extent of the newly discovered African lineage in the obscura species group provides new insight into the origin and evolutionary development of the obscura species group. On the basis of a "symplesiomorphic" acrocentric X chromosome, homologous to the X of D.
melanogaster, Patterson and Stone (1952) considered D. subobscura to be a representative of the "ancestral" lineage of the group. Assuming this, Lakovaara and Saura (1982) stated that if such a X chromosome were to be found in D. microlabis, this species might belong to an "ancestral" lineage as well. Preliminary results indi"e that this is not the case (Krimbas et al., in prep.) and that the two African species have eight euchromatic arms more or less similar to those of D. ambigua, D. tristis and D. bfasciata. Also, Marinkovic et a!. (1978) suggested that the American obscura subgroup species diverged from the D. subobscura lineage.
Neither the present allozyme data nor those of that have very large geographic ranges, from Western Europe to Japan, have also been considered to be potential evolutionary links between the obscura and the affinis subgroups (Lakovaara and Saura, 1982) . Hence, the proto-obscura lineage might have been "tristis-ambigua like" or a "bifasciata like" species. The origin of the obscura species group remains controversial, especially with respect to the chronology of the splitting events of the major lineages. In view of affinities with the melanogaster species group, Throckmorton (1975) derived the obscura species group from a primeval protomelanogaster/obscura trunk. On the basis of diversity criteria the origin of the melanogaster species group is assumed to be oriental (Bock and Wheeler, 1972; Bock, 1980; Tsacas, 1984; Lemeunier et a!., 1986) . A plausible scenario is to consider that from that centre of origin the protoobscura stock first split into two ancestral lineages, one of them diversifying in East Africa and the other extending to Europe, where it differentiated giving rise subsequently to both the New World pseudoobscura and affinis lineages. and species on the plane defined by the 1st and 4th axes (37 per cent of total variability) clearly discriminate distinct lineages within the obscura species group.
